Ethiopia is a country with largest livestock population in Africa and with a huge livestock genetic diversity. In the second Growth and Transformation Plan (GTP), Ethiopian government has identified livestock sector as a new source of economic growth. The rationale in using livestock sector as a growth driver emanates from the unexploited potential of the sector and a wide range of agroindustries to be created along the path of market led economy and commercialization.
•
To characterize the existing commercial compound feed manufacturing practices and the status of production, distribution and raw material usage;
• To quantitatively evaluate the existing commercial compound feeds quality status in terms of nutrient supply;
• To identify the gap between the existing commercial compound feeds nutrient supply and the Ethiopian Animal feed standards; and
• To identify the challenges/constraints and opportunities of the existing commercial compound feeds manufacturing practices.
• Forward recommendations for future improvement.
Study design
A cross sectional study was conducted from March to August, 2019 in selected towns of Oromia, Amhara, Tigray and South Nations, Nationalities and Peoples regions, and Addis Ababa City on selected feed manufacturing companies. The selection of the Companies was conducted using purposive sampling technique.
most feed processing plants are primarily producing for their own consumptions with very limited supply to the market. Study by Birhanu., et al. [3] indicated that only five manufacturers that are congregated in and around Addis Ababa were producing feed for sale with an average annual feed production of about 8,997 metric tons.
Availability of supplementary feeds (both conventional and non-conventional types) per se is not the only challenge to the development of livestock industry in general and the dairy industry in particular, but also quality of the feeds is equally important.
Various research reports have been documented on nutritional
profiles of different agro-industrial by-products (AIBPs) and locally available supplementary feed resources in the country [4] [5] [6] [7] [8] [9] . However, qualities of these feed resources are highly dynamic and subjected to variations depending on the type of raw material, processing method, season, handling, storage, transportation, and utilization. This necessitates periodical assessment and laboratory analysis to generate up-to-date information on nutritional qualities of the feeds, which in turn helps to sensitize farmers and the concerned institutions in charge of monitoring and regulating qualities of feedstuffs in relation to the standards set for the different groups/species of animals in the country. Therefore this research was conducted with the following objectives.
The study was conducted in four regions of the Ethiopia namely Oromia, Amhara, Tigray, South Nations, Nationalities and Peoples Regions in selected towns and Addis Ababa city based on the distribution of commercial animal feed companies in the area. Ethiopia is a very extensive country with diverse people, cultures and agro-ecologies, the sites chosen for the research cannot be considered representative and as such it was misleading and superficial to draw conclusions or make generic assumptions relating to Ethiopia or East Africa. Instead, as explained by Sumberg [10] , due to the exploratory nature of the research, the aim was to use these areas to highlight the key issues which could be considered more
Study sites
Materials and Methods generally. Having said this, the cities in which the study was carried out greatly differ in size and geographic location, which offers the opportunity to explore issues relating to scale, raw material availability, markets and prices.
S. No. Region Feed Manufacturing Companies
Private Farmers Unions Total Table 1 : Data collection centers for the study.
Feed producer questionnaire
A semi-structured questionnaire was prepared, pretested and administered. The company owners, managers or representative individuals were included in the questionnaire survey. Field observation was also conducted during the questionnaire administration time to assess the status of the companies. In each of the five study sites, the first questionnaire was arranged, through the data collector, with a respondent which was the profile of the subject required for the study (i.e. animal feed manufacturers). Starting from the first respondent in each location, the subject was asked to provide the name, contact and location of other feed producers. A total of 14 private and 20 farmer Unions animal feed producers were selected for interview using the questionnaire and out of them the representative feed sample was collected from 24 companies. At the time this survey was conducted from the total 34 company covered samples were not taken from the remaining 10 companies which had no feed stock during the survey.
Sample/data collection and sampling
Primary data was collected using pre tested semi-structured questionnaire through interview and discussion with the employs, companies owners or representatives. In addition, secondary information was gathered from literature and other written sources.
Physical observation on commercial feed companies was also used as an instrument to collect data during the study. Data on the compound feed manufacturing potential, supply and market demand, marketing, and constraints and opportunities were collected from the commercial feed manufacturers. The compound feeds selected for sampling include three types of compound feed used 
Methods of chemical analysis
Near infrared Reflectance Spectroscopy (NIRS) is a method that • Finally the result was presented on the screen and printed via report view.
Statistical analysis
The data collected from the study areas was coded and stored in Microsoft Excel of the central 2007 spread sheet and analyzed using simple descriptive statistics such as frequency and percentage.
The information gathered during the entirety of this research has been used to map the value chain of the compound feeds sector in Ethiopia, as shown in figure 1 . However, it must be noted that this is a simplistic representation which is specific to this study.
This will serve as an introduction to several themes which will be discussed in greater detail further on. The flow of processes in the chain are presented horizontally, with the direction of the arrows indicating linkages and functions. imported (e.g. Belgium, Netherlands, South Africa). There are very few importers of premixes, feed additives and minerals, who distribute throughout the country. Manufacturers buy these microingredients from veterinary input shops.
Mapping the value chain

Result and Discussion
Most producers use small, locally produced mixers, with an Once the finished feed is produced, producers tend to integrate forward into the value chain by delivering feed directly to farmers (usually only in quantities >10 bags=500kg). The final product is also distributed to various outlets for sale. Some larger companies operate their own distribution system with appointed agents throughout the country. A number of feed producers also run their own commercial poultry operations, therefore producing feed for on-farm use and for sale. Once the farmer uses the product, they provide feedback to the manufacturers. If they have complaints, they phone the number labeled on the bag. Farmers often complain about poor quality feeds, but feed manufacturers claim that farmers dilute the finished feed with cheap energy sources such as maize bran. For this reason, it is expected from feed manufacturers to provide one-to-one support to farmers, carrying out personal farm visits when necessary and providing knowledge about animal nutrition and management but, this is not conventional in Ethiopia.
The following section discusses the employment in the compound feeds sector. This only relates to those directly employed by the feed producing companies. The total number of people employed by the 34 feed companies surveyed is 878. It is also worth noting that there appears to be a shortage of qualified experts with the sector. This is clear when looking at the level of qualification within the sector. The lack of expertise within the sector was also reported by a few respondents, not in terms of numbers but in terms of availability. According to most of the re- The fact that several companies are vertically integrating within the value chain by selling directly to farmers may indicate that feed production in Ethiopia is becoming increasingly marketoriented. Strong customer relationships are an important source of market-related knowledge, whilst at the same time producers are more service oriented, offering consultancy to farmers with regards to animal nutrition and husbandry [11] , which seems to be an attempt to establish loyal relationships with the client base.
Employment
The representation below highlights the main flows in the production process of animal feeds ( Figure 5 ). However, this schematic depiction is that of a typical animal feed producer. This cannot be generalized to say that all companies follow the same production process. For a few of the producers that were surveyed, it was clear that the production process was more complex and elaborate than what is presented below.
Production
The production process The section below presents the production of compound feeds according to livestock species. It was revealed that the compound feeds sector in Ethiopia is dominated by poultry feed. As shown in Figure 8 at the time the survey was conducted combined poultry products, make up 61% of animal feed products, and followed by dairy, beef and other feeds. Once again, these findings are comparable to neighboring Kenya, where poultry feeds roughly 90% of feed mill products [13] . These findings further confirm the trend which characterizes East Africa, as the low usage rates of dairy feed production and utilization technologies in neighboring Kenya, Uganda and Rwanda were of 33%, 4% and 12% respectively [14] . Informal conversations with farmers at a milk collection centre in Ade'a district revealed that farmers do not provide compound feed because of the high cost. The farmers stated they supplement their cattle mainly with maize bran, Wheat bran, nougseed cake and cottonseed cake, whilst the mineral requirements are met through the provision of mineral salt which is not fulfill the requirement of the animal.
Production by species
The following section presents details on raw material usage in compound feed production, and when possible respondents also provided information regarding the source of ingredients used.
Respondents were also asked in what quantities they use each ingredient. This was used to show levels of incorporation in compound feeds.
Raw material usage in the sector
It is by no means a surprise that maize is by far the most used input in the animal feeds sector in Ethiopia. In fact, maize products (maize grain and maize bran), represent 39.5% of all inputs used by feed compounders, which is very similar to the South African and Kenyan feed industry, where maize represented 54% and 50 to 65% of inputs used, respectively [15] . This study shows that the compound feed industry relies heavily on maize because high amount of processed feed is poultry feed which is formulated with high percentage of maize. These findings indicate that despite the lack of statutory control product labeling, and large amount of variability, there appears to be a system of self-regulation within the industry, which may be explained by the competitive nature within the industry, meaning that manufacturers are forced to competitively price their products in order to retain their clientele and in order to explore issues relating to product quality. Although competition was mentioned as a constraint by most of the respondents, farmers may be benefitting from the competitive environment as producers strive to maintain the quality of their products. Because several respondents had mentioned the fact that adulteration of feeds with maize bran, and counterfeit packaging has been a problem in the past.
A strong presence of the association is essential in protecting the interests of the animal feed industry within the country, and is also responsible in ensuring the quality and safety of compound feeds, which is achieved by setting clear rules and good manufacturing guidelines which ensure self-regulation and improved government regulation throughout the supply chain [15] . Furthermore, associations are useful in providing missing or inadequate services, improving bargaining strength with suppliers, and allowing a greater co-ordination of the flow of input supplies [17] . A feed manufacturers association is also required to address the knowledge gaps within the sector, thereby setting the agenda for research and development in order to enhance competitiveness and capacity to innovate, so as to ensure sustainable and resource efficient livestock production systems. Overall, the association has the duty to play a central role in the decision making process within the animal feeds industry [15] , acting as a link between all stake-Nutrient composition of compound feed samples finance and logistics to fully organize and support all the regional The lactating feed samples average result shows that, the fiber and DM content is recorded above the standard while, the rest of them were scored below the standard. Similarly, the beef sample analysis result showed that, except fiber and DM all parameters are below the standard. Crude protein (CP) is the most important quality indicator in animal feeding [18] and therefore merits considerable attention.
A total of 64 samples were evaluated for crude protein content in this research. Among them, there were 15 samples in which protein content was recorded less than the standards in their constituent.
There were 49 samples with crude protein content above the standard. The layer samples CP content was ranges between 10.91%- From the 64 samples analysed the DM content of 62 compound feeds were above the standard while, only 2 samples recorded below the standard. But the result recorded is not much far from the standard. As stated by Kaijage., et al. [19] , this suggests that all feeds analysed are appropriate for use and storage in animal feeds.
High DM contents control the growth of mould in feeds, thereby reducing deterioration which is particularly important in tropical countries [19] . Another reason was most farmers unions are not use appropriate ration formulation software.
The DM content of the feeds from farmers unions and private feed processing companies are statistically the same. The statis-tical value was ranges between 90.2-90.55. The ME content was show a significant difference on a milking dairy cow and beef feed while, the layer feed was almost the same between the farmers and private feed processing plants.
Respondents were asked about the constraints they face in their feed manufacturing business ( Figure 13 ). High price of ingredient was the most frequently mentioned constraint (50%).
The role of the industry should be that of providing high quality livestock feeds which meet the nutrient requirements of livestock in different stages of growth or production, whilst the production and a lot more remains to be done to make EAFIA an influential association.
Organizational capacity of Ethiopian animal feed industry association (EAFIA)
Lack of experience and facilities such as computer software for best-cost feed formulation for efficient animals production as well as compounding feeds from tables that have limited information or have been produced in other countries are the major problems challenging the Ethiopian feed industry. professional advisory is rarely used by the feed processing owners.
Ration formulation
Among the aforementioned challenges the key concern in commercial feed sector is resourcing of the quality ingredients throughout the year at affordable price. For this to happen the following issues deserve special attention.
Opportunities for the Ethiopian feed industry
Adequate opportunities currently exist to produce maize and soya bean for feed production in Ethiopia. Last five decades of research and technological advances have led to the availability of varietal choices and production packages. Additionally, huge land is available for commercial production of these commodities. These offer opportunities to enhance their production in Ethiopia.
Feed ingredients (maize and soya bean)
Ethiopia is very much dependent on importing feed supplements like premix, minerals and vitamins. Imported products are usually generic and not tailored for local purpose. Additionally, from economic point of view, hard currency is required to procure them from abroad. Therefore, alternatives have to be sought and developed from technical and economic perspectives for sustainable supply. Domestic production of feed supplements is emerging with wider business opportunities as a result of intensification of livestock production. Thus, there are opportunities for foreign direct investment or involvement of local investors in domestic production of feed supplements. The production of effective microbes as feed inoculants is currently a take off point with huge business opportunity in commercial feed sector.
Feed Supplements or inoculants
By-products of sugar industry (molasses, bagasse, sugarcane tops), breweries and food processing industries are not yet effectively utilized for animal feed production. The increasing number of upcoming sugar industry projects, breweries and agro-and food-industries would provide opportunities for improving feed supply through utilization of alternative feeds. Additionally, abattoir by-products such as bone, blood and meat can be converted to animal feed and incorporated into non-ruminant feeds.
By-products of agro-industry
Feed processing machineries, equipment and tools are currently supplied by few companies. Taking into account the need for modernization of the feed industry dictated by commercialization of livestock production, there will be high demand for feed processing machineries. A revolution is needed in this field for making the feed industry vibrant.
Feed processing machineries, equipment and tools
Commercial feed sub-sector is currently encountering lack of laboratory service delivery system for feed quality and safety assessment. Labs rendering such services are very limited in number and scope, and mode of service delivery needs to be efficient and reliable. Taking into account the future growth of the feed industry, establishment of laboratory service delivery system by commercial labs is an opportunity for investment. make the best use of its technical advisory board to develop an action plan for the next 5 to 6 years.
Laboratory service delivery in feed quality and safety
Conclusion and Recommendation
Overall, it seems that there is a concerted effort by producers to provide quality feeds, but it appears that producing a product of consistent quality is not easy to achieve, as the composition of the raw materials is what ultimately determines the quality of the finished feed. The results from the feed analyses showed that despite the fact that the sector is characterized by a high degree of informality, few expertise, the lack of government regulation, and very few laboratories for feed analysis, the compound feeds produced are of satisfactory quality. However, it can also be concluded that there is a large amount of variability in the compound feeds, which means that farmers are still not guaranteed a high quality feed on a frequent basis. This places a greater emphasis on the importance of raw material analyses, both for the producer and at a national level, in order to vast database of the available feed resources. The increased confidence about nutritional quality would allow farmers to use this information in order to develop feeding strategies for improved animal performance and income. However, this could not be successfully achieved without improving knowledge and training on livestock nutrition management.
In the light of the ongoing development of Integrated Agroindustrial Parks, supply of feed ingredients can be enhanced by integrating the feed processing plants to these initiatives. The 
